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S. Antonia et al, ASCO 2016
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malignant pleural mesothelioma

Alley et al, AACR 2015
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Gettinger et al., J Clin Oncol 2015
Phase I, NSCLC IIIB/IV, up to 5 lines of previous therapy

5 years

Immunotherapy in thoracic cancers 
changing the rules of the game?
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2015: a paradigm shift in the treatment 
of metastatic (wildtype) NSCLC

Pembrolizumab versus docetaxel for previously treated, PD-L1-
positive, advanced NSCLC (KEYNOTE-010)
R. Herbst et al, The Lancet December 2015

Nivolumab versus Docetaxel in Advanced Nonsquamous 
NSCLC (CHECKMATE-057)
H. Borghaei et al, NEJM October 2015 

Nivolumab versus Docetaxel in Advanced Squamous-Cell 
NSCLC (CHECKMATE-017)
J. Brahmer et al, NEJM July 2015

Three phase 3 trials establishing the superiority of 
PD-1 immune checkpoint inhibition over standard 
in relapsing metastatic non-small cell lung cancer
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acteristics of the patients were generally well 
balanced between the groups, with slight be-
tween-group imbalances in the percentages of 
female patients, patients 75 years of age or older, 
and patients with an ECOG performance-status 
score of 1.

A median of 8 doses (range, 1 to 48) of 
nivolumab and 3 doses (range, 1 to 29) of docetax-
el were administered. Among the patients in the 
nivolumab group, 85% received at least 90% of 
their planned dose intensity. Among the patients 
in the docetaxel group, 69% received at least 
90% of their planned dose intensity, a finding 
that is consistent with docetaxel dose reductions 
(which occurred in 27% of patients). At least one 
dose delay occurred in 37% of the patients in the 
nivolumab group and in 31% of those in the 
docetaxel group. The majority of patients in each 
group had only one dose delay, and the majority 
of dose delays were from 4 to 7 days in duration 
(in 61% of the total cycles delayed in the nivolum-
ab group and 71% of those in the docetaxel 
group). Most delays of nivolumab therapy were 
attributable to personal or administrative rea-
sons, disease progression, or the administration 
of radiotherapy; most delays of docetaxel therapy 
were due to adverse events.

At the time of the database lock, 16% of the 
patients in the nivolumab group and 2% of those 
in the docetaxel group were continuing treatment 
(Table S2 in the Supplementary Appendix). After 
discontinuation of treatment, 36% of the patients 
in the nivolumab group and 30% of those in the 
docetaxel group received subsequent systemic 
cancer therapy. In the nivolumab group, 24% of 
the patients received subsequent docetaxel, re-
flecting the open-label nature of the study; 2% 
of the patients in the docetaxel group received 
subsequent immunotherapy (Table S3 in the Sup-
plementary Appendix).

Efficacy
The median overall survival was 9.2 months 
(95% confidence interval [CI], 7.3 to 13.3) in the 
nivolumab group as compared with 6.0 months 
(95% CI, 5.1 to 7.3) in the docetaxel group. Over-
all survival was significantly longer with nivolum-
ab than with docetaxel (Fig. 1), with the risk of 
death 41% lower with nivolumab (hazard ratio, 
0.59; 95% CI, 0.44 to 0.79; P<0.001). The overall 
survival rate at 1 year was 42% (95% CI, 34 to 50) 
in the nivolumab group versus 24% (95% CI, 17 to 
31) in the docetaxel group. The hazard ratios for 
death in the analysis of overall survival favored 

Figure 1. Kaplan–Meier Curves for Overall Survival.

The analysis included all the patients who underwent randomization. Symbols indicate censored observations, and 
horizontal lines the rates of overall survival at 1 year.
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Figure S8B. Kaplan-Meier Plots of Overall Survival With Extended Follow up at the 1%, 5% and 10% PD-L1 Expression 

Levels. 
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2015: a paradigm shift in the treatment 
of metastatic (wildtype) NSCLC
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Assuming that overall survival follows an exponential 
distribution with an expected median of 9 months in the 
docetaxel group (based on previous studies), a hazard 
ratio (HR) of 0·60 between pem brolizumab and docetaxel, 
an enrolment period of 16 months, a minimum of 
8 months of follow-up after enrolment was complete to 
observe the required number of events, and a dropout 
rate of 2% over 12 months, we calculated that we would 
need to enrol 460 patients with a tumour proportion score 
of 50% or greater to provide at least 81% power to detect 
an HR of 0·55 for overall survival, with a one-sided α of 
0·00825 using the Hochberg procedure. We expected that 
roughly 920 patients would be enrolled in total and that 
550 patients would die by the fi nal analysis, giving the 
study at least 80% power to detect an HR of 0·70 for 
overall survival in the total population. For the analysis of 
progression-free survival, we used a threshold of p<0·001 
for signifi cance. The appendix (p 6) shows the multiplicity 
strategy we applied to the stratum of patients with a 

tumour proportion score of 50% or greater and to the 
overall population.

For overall survival, data for patients who were alive or 
lost to follow-up were censored at the time of last confi rmed 
contact. For progression-free survival, data for patients 
who had not progressed or were lost to follow-up were 
censored at the time of last tumour assessment. For 
duration of response, data for patients whose response was 
ongoing at the time of the analysis or who discontinued 
the study without radiological evidence of progression 
were censored at the time of the last radiological 
assessment showing response, data for patients who had 
radiological disease progression after missing two 
radiological assessments were censored at the time of the 
last radiological assessment showing response, and data 
for patients who initiated new cancer treatment without 
radiological evidence of disease progression were censored 
at the time of starting their new treatment.

We did the statistical analyses using SAS (version 9.3). 
We used the Kaplan-Meier method to estimate overall 
survival, progression-free survival, and duration of 
response. We used the stratifi ed log-rank test to assess 
treatment diff erences in progression-free survival and 
overall survival; we used stratifi ed Cox proportional 
hazard models with Efron’s method of tie handling to 
calculate HRs and associated 95% CIs.21 We compared 
response rate between treatment groups with the 
Miettinen and Nurminen method.22 All primary and 
subgroup analyses were stratifi ed with the randomisation 
stratifi cation factors.

This study is registered with ClinicalTrials.gov, 
NCT01905657.

Role of the funding source
The funder had a role in study design, analysis and 
interpretation of data, and the writing of the report. The 
funder maintained the study database. All authors had 
full access to the data and had responsibility for the 
decision to submit for publication.

Results
Between Aug 28, 2013, and Feb 27, 2015, we screened 
2699 patients for enrolment. Of the 2222 patients whose 
tumour samples were assessable for PD-L1 expression, 
1475 (66%) had PD-L1 expression on at least 1% of 
tumour cells, including 633 (28%) with PD-L1 expression 
on at least 50% of tumour cells. 1034 (70%) of 1475 patients 
met the eligbility criteria and were enrolled in the study: 
345 allocated to pembrolizumab 2 mg/kg, 346 to 
pembrolizumab 10 mg/kg, and 343 to docetaxel (fi gure 1). 
991 patients received at least one dose of assigned study 
drug: 339 in the 2 mg/kg group, 343 in the 10 mg/kg 
group, and 309 in the docetaxel group (fi gure 1). At the 
cutoff  date of Sept 30, 2015, median follow-up was 
13·1 months (IQR 8·6–17·7).

Baseline characteristics were as expected for patients 
with advanced non-small-cell lung cancer and were 

Figure 2: Kaplan-Meier analysis of overall survival
(A) For patients with a PD-L1 tumour proportion score of 50% or greater. (B) For all patients.
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Phase 3 trial evidence with PD-1 
checkpoint blockade in NSCLC

Karim Vermaelen 2015
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and 64 in the docetaxel plus placebo group), overall 
survival was longer in the docetaxel plus nintedanib 
group compared with the docetaxel plus placebo group 
(median overall survival 9·8 months [95% CI 6·1–15·5] 
vs 6·3 months [5·0–8·1]; HR 0·62 [95% CI 0·41–0·94], 
p=0·0246). The HR for PFS at the time of the fi nal 
overall survival analysis was 0·67 (95% CI 0·43–1·04, 
p=0·0725) for this subgroup of patients; median PFS 
was 4·2 months (95% CI 2·8–4·5) in the docetaxel plus 
nintedanib group versus 1·6 months (95% CI 1·4–2·8) 
in the docetaxel plus placebo group.

Subsequent anticancer treatments were balanced 
between both groups across all populations of patients; 
slightly fewer patients with squamous-cell carcinoma 
(265 of 555 [48%]) received follow-up anticancer drugs 
than did patients with adenocarcinoma (367 of 658 [56%]; 
appendix p 14).

Investigator-assessed PFS results were much the same 
as those of the independent central review analysis 
(appendix p 6). Objective responses by central review at 
the time of the fi nal analysis were noted in much the same 
proportion of patients in the two groups for the overall 
study population (29 of 655 [4·4%] with docetaxel plus 
nintedanib vs 22 of 659 [3·3%] with docetaxel plus placebo; 
odds ratio [OR] 1·34 [95% CI 0·76–2·39], p=0·3067) and 
in patients with adenocarcinoma (15 of 322 [4·7%] vs 12 of 
336 patients [3·6%]; OR 1·32 [95% CI 0·61–2·93], 
p=0·4770), but were more common in patients with 
adenocarcinoma and time since start of fi rst-line therapy 
of less than 9 months in the docetaxel plus nintedanib 
group than in the docetaxel plus placebo group (ten of 206 
[4·9%] vs three of 199 [1·5%]; OR 3·54, 95% CI 1·06–16·03, 
p=0·0393; table 2). Investigator-assessed tumour response 
results were much the same as those of the central review 
analysis (appendix p 6). Disease control was more 
common in the docetaxel plus nintedanib group than in 
the docetaxel plus placebo group for all patients (354 of 
655 [54·0%] vs 272 of 659 [41·3%]; OR 1·68 [95% CI 
1·35–2·09], p<0·0001), in patients with adenocarcinoma 
(194 of 322 [60·2%] vs 148 of 336 [44·0%]; OR 1·93 [95% CI 
1·42–2·64], p<0·0001), and in patients with adeno-
carcinoma and time since start of fi rst-line therapy of less 
than 9 months (122 of 206 [59·2%] vs 66 of 199 [33·2%]; 
OR 2·90 [95% CI 1·94–4·38]; p=0·0009). Similarly, in 
patients with squamous-cell carcinoma, disease control 
was more common in the docetaxel plus nintedanib group 
than in the docetaxel plus placebo group (136 of 276 
[49·3%] vs 99 of 279 [35·5%]; OR 1·78 [95% CI 1·26–2·51], 
p<0·0001), although the proportion of patients who 
achieved an objective response was much the same in 
both groups (13 of 276 [4·7%] vs seven of 279 patients 
[2·5%]; OR 1·93 [95% CI 0·78–5·20], p=0·1594; 
appendix p 15).

Docetaxel plus nintedanib also led to a signifi cant 
decrease from baseline in tumour size of the target lesions 
in the total population of patients, in patients with 
adenocarcinoma, and in patients with adenocarcinoma 

and time since start of fi rst-line treatment of less than 
9 months (appendix p 23).

Adverse events that were more common (≥5% 
diff erence) in the docetaxel plus nintedanib group than 

Figure 3: Kaplan-Meier curves for overall survival at the time of fi nal analysis
(A) Patients with adenocarcinoma histology and time since start of fi rst-line therapy of less than 9 months. (B) All 
patients with adenocarcinoma histology. (C) Total population. Patients without documented death were censored 
at the date of last contact when the patient was known to be alive. HR=hazard ratio.
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Figure S8B. Kaplan-Meier Plots of Overall Survival With Extended Follow up at the 1%, 5% and 10% PD-L1 Expression 

Levels. 
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• Continuing responses have been observed after drug stop

2nd line treatment in NSCLC
duration of response

KEYNOTE-010
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Figure S6. Change in Target Lesions from Baseline in Patients Treated with Nivolumab After Initial RECIST v1.1-defined 

Progression. 

 

Data are based on a March 18, 2015 database lock. Assessments are per Investigator using RECIST v1.1 criteria, confirmation of response 

required. Patients treated beyond progression are defined as patients with last available dose after RECIST v1.1 progression date. 

CR = complete response; PR = partial response; RECIST = Response Evaluation Criteria In Solid Tumors.
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2015: a paradigm shift in the treatment 
of metastatic (wildtype) NSCLC

PR RECIST1.1

objective responses are rapid, deep, and durable



© K. Vermaelen 2016Karim Vermaelen 2016

CHECKMATE-017 CHECKMATE-057 KEYNOTE-010

PD-L1 
<1%

PD-L1 
>10%

PD-L1 
<1%

PD-L1 
>10%

PD-L1 
>1% !

PD-L1 
>50%

median duration 
of response 
(months)

NR
vs 8.4

18.3
vs 5.6

16.0
vs 5.6

NR
vs 6.0

NR
vs 8.0

time to first 
response 9 to 10 weeks (1st CT evaluation; same for docetaxel)

toxicity grade 3 or 
higher

7%
vs 55%

10%
vs 54%

13%
vs 35%

squamous non-squamous both histologies

2nd line treatment in NSCLC
toxicity



© K. Vermaelen 2016K. Vermaelen ERS-LSC 2014

fatigue 14-19%
nausea 7-12%

pruritus/rash 10%
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Mild checkpoint inhibitor rash

Can be treated with topical corticosteroids
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Slangen et al., World J Gastrointest Pharmacol Ther, 2013

Pneumonitis
3/30/20112/21/2011

Two doses of ipilimumab and four of nivolumab
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2015: a paradigm shift in the treatment 
of metastatic (wildtype) NSCLC
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Open questions regarding PD-1 and 
PD-L1 blockade in lung cancer…

• 1st line, 2nd line, 3rd line or more... does it matter?

• Does it work on brain mets?

• Does steroid use for AEs have impact on efficacy?

• How long should we treat?

• (How) are we going to use PD-L1 as a predictive 
biomarker in daily practice?

• Why does smoking history seem to matter?

• How can we “raise the tail of the curve”?
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2016: thoracic immuno-oncology:
where do we go from here?

• how to increase response rates?
• select patients?
• combine agents? 
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?

2016: thoracic immuno-oncology:
where do we go from here?
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Identifying optimal responders to 
PD1/PDL1 blockade in lung cancer
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PD-L1 expression as a predictor 
strenghts and weaknesses

Garon et al, NEJM, April 2015
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Garon et al, NEJM, April 2015
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• PDL1/PD-L2 copy number gain in 5-16% of NSCLC
• FISH+ correlates with IHC+
• Highest CNG in squamous cell carcinoma
• PD-L1 is co-amplified with JAK2 oncogen
Richardt et al ASCO 2016 abstract #3031, Ikeda et al, JTO August 2015

PD-L1 expression as a predictor 
strenghts and weaknesses

by PCR-based gene copy number assay. The SNP-
CGH assay showed that all four samples harbored
9p24.1 locus amplification (one of the four samples is
shown in Fig. 3B). These results suggest that a chro-
mosomal region including the 9p24.1 locus that harbors
PD-L1 and JAK2 is amplified in lung carcinoma cells in
some cases.

In our study, no correlation was observed between PD-
L1 protein expression assessed by IHC staining and PD-L1
gene amplification in NSCLC specimens (Supplemental
Table 2); four of the five samples that showed PD-L1
gene amplification did not have PD-L1 protein
overexpression.

PD-L1 gene amplification in NSCLC cell lines
Next, we conducted a search for NSCLC cell lines

harboring PD-L1 gene amplification using the same
method. The HCC4006 cell line was found to have a
significant amplification of the PD-L1 gene (copy number
3.74) (Fig. 3C). In addition, the JAK2 gene was found to
be amplified (copy number 3.79 computational)
(Fig. 3D). Thus, the 9p24.1 region, which contains both
JAK2 and PD-L1, is amplified in HCC406 cells.

Relationship between PD-L1 gene amplification
and protein expression in NSCLC cell lines

We then examined JAK2 protein expression levels in
HCC4006, 11-18, PC-9, and HCC827 cells (lung adeno-
carcinoma cell lines with EGFR mutations) by Western
blotting. We found that JAK2 is more highly expressed in
HCC4006 cells than in the other cell lines (Fig. 4A).
Levels of expression of PD-L1 protein in these cell lines
were also examined by flow cytometry. In these experi-
ments, we analyzed surface expression of PD-L1 using
standard unfixed cells and total expression of PD-L1 in
fixed and permeabilized cells. In addition, PD-L1
expression was examined in (1) untreated control cells,
(2) TNF-a–treated cells, and (3) IFNg-treated cells
because both TNF-a and IFNg have the potential to
upregulate the expression of PD-L1.20 Surface expression
of PD-L1 was found to be significantly higher in
HCC4006 cells than in the other cell lines (11-18, PC-9,
and HCC827, p < 0.05), and this expression was
enhanced by the addition of TNF-a or IFNg. Surface
expression of PD-L1 was also significantly higher in TNF-
a– or IFNg-treated cells (Fig. 4B). Levels of total
expression of PD-L1 were also significantly higher in

Figure 3. Coamplification of PD-L1 and JAK2 in non–small cell lung cancer (NSCLC). (A) Relationship between PD-L1 and JAK2
copy number in five samples with PD-L1 amplification and five samples without PD-L1 amplification. (B) Single-nucleotide
polymorphism–comparative genomic hybridization analysis of DNA from a primary NSCLC tumor without PD-L1 amplifica-
tion (upper panel) and from a primary NSCLC tumor with PD-L1 amplification (lower panel). Quantitative polymerase chain
reaction–based DNA copy number analysis of PD-L1 (C) and JAK2 (D) in lung adenocarcinoma cell lines. Human umbilical vein
endothelial cells were used as a copy number control (two copies). Results are representative of three independent
experiments.

January 2016 PD-L1 and JAK2 Amplification in NSCLC 67
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Garon et al, NEJM, April 2015

PD-L1 expression as a predictor
is there a useful cut-off?
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Figure S4. Prevalence of PD-L1 positivity and objective response rate per RECIST v1.1 by 

central review by quartiles of PD-L1 proportion score in patients whose samples were evaluable 

by the CTA, regardless of the interval between cutting and staining. The prevalence and ORR in 

treated patients are calculated in those who had measurable disease per RECIST v1.1 by central 

review at baseline. The error bars for ORR represent the 95% CIs. 

Abbreviations: CI, confidence interval; CTA, clinical trial assay; ORR, objective response rate; PS, proportion score 

(i.e., percentage of neoplastic cells with membranous PD-L1 staining); RECIST v1.1, Response Evaluation Criteria 

In Solid Tumors, version 1.1. 
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outcome on the basis of these factors support 
the analysis as conducted.

Current or former smoking status was associ-
ated with an increased response to treatment, an 
association that was also observed by other in-
vestigators and is hypothesized to be based on a 
higher mutational burden in these patients.30,31 
However, when assessed according to PD-L1 sub-
group, the response rate was similar according 
to smoking status. This finding, along with the 
much higher response rate among patients with 
a proportion score of at least 50%, as compared 
with that of current or former smokers, suggests 
that although smoking history may provide in-
sight into a patient profile associated with a 
greater benefit for pembrolizumab, PD-L1 expres-
sion is a better predictor of response.

Evaluation according to the quartile of pro-
portion score suggests a positive correlation be-
tween the response rate and PD-L1 expression, 
although the analysis was limited by the small 
sample size in some groups and large confi-
dence intervals for response. These data in com-
bination with responses among patients with a 
proportion score of less than 1% suggest that 
tumor PD-L1 expression is not associated with 
the ideal test characteristics of approved geneti-
cally based biomarkers.32-34 We did not seek to 
identify a PD-L1 cutoff that would capture all 
patients with a possible response but rather one 
that would identify patients with a greater likeli-
hood of response. Although responses that were 
observed in patients for whom responses would 
not have been predicted by PD-L1 staining could 
result merely from tumor heterogeneity, it is 
more likely that tumor PD-L1 expression alone 
does not accurately assess the dynamic immune 
microenvironment. Additional diagnostic ap-
proaches, including assessment of the genomic 
landscape and the presence of preexisting CD8+ 
T cells and cytokines in tumor samples, could 
supplement PD-L1 expression as a means of iden-
tifying patients who might have a response to 
pembrolizumab.17,35-37
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Figure 4. Overall Survival.
Shown are Kaplan–Meier estimates of overall survival 
according to the proportion score for 356 patients in 
the training and validation groups who had slides that 
were sectioned within 6 months before staining (Panel 
A), including 294 previously treated patients (Panel B) 
and 62 previously untreated patients (Panel C).
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respect to progression-free survival was evident 
in all subgroups examined (Fig. 1B).

Overall Survival
At the time of the second interim analysis, 108 
deaths had occurred. The estimated percentage 
of patients who were alive at 6 months was 
80.2% (95% CI, 72.9 to 85.7) in the pembroli-
zumab group and 72.4% (95% CI, 64.5 to 78.9) 
in the chemotherapy group (Fig. 2); median over-
all survival was not reached in either group. 
Overall survival was significantly longer in the 
pembrolizumab group than in the chemotherapy 
group (hazard ratio for death, 0.60; 95% CI, 0.41 
to 0.89; P = 0.005).

Objective Response Rate
The objective response rate, assessed according 
to RECIST, was 44.8% (95% CI, 36.8 to 53.0) in 
the pembrolizumab group and 27.8% (95% CI, 
20.8 to 35.7) in the chemotherapy group (Table 2). 
The median time to response was 2.2 months in 
both groups. The median duration of response 
was not reached (range, 1.9+ to 14.5+ months) 
in the pembrolizumab group and was 6.3 months 
(range, 2.1+ to 12.6+) in the chemotherapy 
group. (Plus signs in the ranges indicate the re-
sponse was ongoing at cutoff.)

Adverse Events
During treatment with the initially assigned ther-
apy, treatment-related adverse events occurred in 

73.4% of the patients in the pembrolizumab 
group and in 90.0% of the patients in the chemo-
therapy group (Table 3). Grade 3, 4, or 5 treat-
ment-related adverse events occurred in twice as 
many patients in the chemotherapy group as in 
the pembrolizumab group (53.3% vs. 26.6%). 
Serious treatment-related adverse events occurred 
in a similar percentage of patients in the pem-
brolizumab group and the chemotherapy group 
(21.4% and 20.7%, respectively). Discontinuation 
of treatment because of treatment-related adverse 
events occurred in 7.1% of patients in the pem-
brolizumab group and in 10.7% of patients in 
the chemotherapy group. Treatment-related ad-
verse events that led to death occurred in one 
patient in the pembrolizumab group (sudden 
death of unknown cause on day 2) and three 
patients in the chemotherapy group (one death 
due to pulmonary sepsis on day 25, one death 
due to pulmonary alveolar hemorrhage on day 
112, and one death of unknown cause on day 8).

The most common treatment-related adverse 
events were diarrhea (in 14.3% of the patients), 

Figure 2. Overall Survival in the Intention-to-Treat Population.
Shown are Kaplan–Meier estimates of overall survival, according to treatment 
group. Tick marks represent data censored at the last time the patient was 
known to be alive. The intention-to-treat population included all patients 
who underwent randomization.
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Figure 1 (facing page). Progression-free Survival  
in the Intention-to-Treat Population.
Panel A shows Kaplan–Meier estimates of progression-
free survival, according to treatment group. Tick marks 
represent data censored at the last time the patient 
was known to be alive and without disease progression. 
Panel B shows the analysis of progression-free survival 
in key subgroups. Progression-free survival was assessed 
according to Response Evaluation Criteria in Solid Tu-
mors (RECIST), version 1.1, by means of blinded, in-
dependent, central radiologic review. The intention-to-
treat population included all patients who underwent 
randomization. Eastern Cooperative Oncology Group 
(ECOG) performance-status scores range from 0 to 5, 
with 0 indicating no symptoms and higher scores in-
dicating increasing disability. The subgroups for the 
platinum-based chemotherapy regimen are based on 
the regimen chosen before the patient was randomly 
assigned to treatment with either pembrolizumab or 
platinum-based chemotherapy.
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BACKGROUND
Pembrolizumab is a humanized monoclonal antibody against programmed death 1 
(PD-1) that has antitumor activity in advanced non–small-cell lung cancer (NSCLC), 
with increased activity in tumors that express programmed death ligand 1 (PD-L1).

METHODS
In this open-label, phase 3 trial, we randomly assigned 305 patients who had previ-
ously untreated advanced NSCLC with PD-L1 expression on at least 50% of tumor cells 
and no sensitizing mutation of the epidermal growth factor receptor gene or trans-
location of the anaplastic lymphoma kinase gene to receive either pembrolizumab (at 
a fixed dose of 200 mg every 3 weeks) or the investigator’s choice of platinum-based 
chemotherapy. Crossover from the chemotherapy group to the pembrolizumab group 
was permitted in the event of disease progression. The primary end point, progres-
sion-free survival, was assessed by means of blinded, independent, central radiologic 
review. Secondary end points were overall survival, objective response rate, and safety.

RESULTS
Median progression-free survival was 10.3 months (95% confidence interval [CI], 6.7 
to not reached) in the pembrolizumab group versus 6.0 months (95% CI, 4.2 to 6.2) 
in the chemotherapy group (hazard ratio for disease progression or death, 0.50; 95% 
CI, 0.37 to 0.68; P<0.001). The estimated rate of overall survival at 6 months was 
80.2% in the pembrolizumab group versus 72.4% in the chemotherapy group (hazard 
ratio for death, 0.60; 95% CI, 0.41 to 0.89; P = 0.005). The response rate was higher in 
the pembrolizumab group than in the chemotherapy group (44.8% vs. 27.8%), the 
median duration of response was longer (not reached [range, 1.9+ to 14.5+ months] 
vs. 6.3 months [range, 2.1+ to 12.6+]), and treatment-related adverse events of any 
grade were less frequent (occurring in 73.4% vs. 90.0% of patients), as were grade 3, 
4, or 5 treatment-related adverse events (26.6% vs. 53.3%).

CONCLUSIONS
In patients with advanced NSCLC and PD-L1 expression on at least 50% of tumor cells, 
pembrolizumab was associated with significantly longer progression-free and overall 
survival and with fewer adverse events than was platinum-based chemotherapy. 
(Funded by Merck; KEYNOTE-024 ClinicalTrials.gov number, NCT02142738.)

A BS TR AC T

Pembrolizumab versus Chemotherapy for 
PD-L1–Positive Non–Small-Cell Lung Cancer

Martin Reck, M.D., Ph.D., Delvys Rodríguez-Abreu, M.D., 
Andrew G. Robinson, M.D., Rina Hui, M.B., B.S., Ph.D., Tibor Csőszi, M.D., 

Andrea Fülöp, M.D., Maya Gottfried, M.D., Nir Peled, M.D., Ph.D., 
Ali Tafreshi, M.D., Sinead Cuffe, M.D., Mary O’Brien, M.D., Suman Rao, M.D., 

Katsuyuki Hotta, M.D., Ph.D., Melanie A. Leiby, Ph.D., Gregory M. Lubiniecki, M.D., 
Yue Shentu, Ph.D., Reshma Rangwala, M.D., Ph.D., and Julie R. Brahmer, M.D., 

for the KEYNOTE-024 Investigators*  

Original Article

The New England Journal of Medicine 
Downloaded from nejm.org at The Library at Merck on October 9, 2016. For personal use only. No other uses without permission. 

 Copyright © 2016 Massachusetts Medical Society. All rights reserved. 

selecting for PD-L1-
high expressors 
enables anti-PD1 
implementation in 1st

line setting



© K. Vermaelen 2016

PD-L1 expression as a predictor
is there a useful cut-off?



© K. Vermaelen 2016

PD-L1 expression as a predictor
is there a useful cut-off?

Nivolumab
n = 211

Chemotherapy
n = 212

Median OS, months 
(95% CI)

14.4
(11.7, 17.4)

13.2
(10.7, 17.1)

1-year OS rate, % 56.3 53.6

Nivolumab
n = 211

Chemotherapy
n = 212

Median PFS, months 
(95% CI)

4.2
(3.0, 5.6)

5.9
(5.4, 6.9)

1-year PFS rate, % 23.6 23.2

CHECKMATE-026 1st line nivolumab vs chemo

Socinski et al ESMO 2016
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Figure 3: Overall survival
(A) Kaplan-Meier estimates in intention-to-treat population. (B) HRs for overall survival in programmed death ligand 1 (PD-L1) subgroups. (C) Kaplan-Meier estimates in the TC3 or IC3 population. (D) Kaplan-
Meier estimates in the TC2/3 or IC2/3 population. (E) Kaplan-Meier estimates in the TC1/2/3 or IC1/2/3 population. (F) Kaplan-Meier estimates in the TC0 and IC0 population. Grey dashed line represents 
minimum follow-up of 13 months. NE=non-estimable. HR=hazard ratio. TC=tumour cell. IC=immune cell. *Unstratifi ed hazard ratios were used for subgroup analyses. †p value for exploratory purposes only.
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nivolumab, NSCLC non-squamous (CHECKMATE-057)
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McLaughlin !"#$%, JAMA Oncol December 2015

PD-L1 expression as a predictor
what is a "PD-L1 negative" patient?
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• Fair correlation between tests when scoring tumor cell expression
• Less concordance when scoring immune cell expression

clinical trial set-up, Dako 22C3 pharmDx8 was
stained by Dako, Carpinteria, CA, USA. Dako assays
were stained on the Dako Link AS-48 autostainer
systems. The two Ventana assays SP142 and SP263
were stained by Ventana, Tucson, AZ, USA on
Ventana Benchmark staining systems.

PD-L1 Immunohistochemistry Scoring

According to the de-facto consensus, a carcinoma cell
was considered ‘PD-L1 positive’ if the cell membrane

was partially or completely stained.1–3,8,9 Cytoplas-
matic PD-L1 staining in the carcinoma cells was
disregarded. Carcinoma cells were quantified by
evaluating the ratio of stained and unstained cells
(Number of PD-L1-positive carcinoma cells÷Number
of all carcinoma cells).2,3

An immune cell was considered ‘PD-L1 positive’
if it featured any PD-L1 staining (membrane/
cytoplasm). PD-L1-positive immune cells are pre-
dominantly macrophages and lymphocytes. For
lymphocytes, membranous and cytoplasmatic stain-
ing cannot be reliably distinguished due to the small

Figure 1 Staining patterns of clinical trial assays for PD-L1 immunohistochemistry. Example micrographs of four clinical trial assays for
PD-L1 immunohistochemistry; matched regions on consecutive slides stained with the indicated assays. The case was scored PD-L1
positive (score 5, ≥ 50%) by all assays.

Modern Pathology (2016) 00, 1–8

Harmonization of PD-L1 immunohistochemistry

AH Scheel et al 3

PD-L1 blueprint working group (IASLC / Industry)
F. Hirsch, et al. 2016

German PD-L1 assays ring trial
Scheel et al, Mod Pathol 2016

28-8

22C3

SP142

SP263
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1% 50% 100%
PD-L1 IHC score thresholds
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Gaule, et al. ASCO 2016 
abstract #9040

Spearman correlation coefficient between assays >0.90
Ratcliffe, et al. AACR 2016

PD-L1 expression as a predictor
how will pathologists manage?

Luckily, fair correlation between tests
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… smoking status and response to PD-1 blockade
in non-squamous NSCLC (CHECKMATE-057)

Looking beyond PD-L1 for response 
prediction impact of smoking history
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PD-L1-based enrichment effect annihilated in never-smokers!
Hellmann et al, WCLC 2015

Looking beyond PD-L1 for response 
prediction impact of smoking history
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Looking beyond PD-L1 for response 
prediction smoking vs mutation burden

Lawrence et al, Nature, July 2013
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mutational load and a molecular smoking signature are good 
predictor of response to anti-PD1 therapy (Rizvi et al, Science April 2015)

Looking beyond PD-L1 for response 
prediction smoking vs mutation burden
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mutational load vs survival in cohort of 
64 anti-PD1/PDL1-treated lung cancers
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Looking beyond PD-L1 for response 
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Looking beyond PD-L1 for response 
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"TMB genomics": 
heavy workflow!

not implementable in 
daily clinical practice

(as of today)
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Median overall survival with docetaxel seemed to be 
consistent with that previously reported (9 months),23 
and there was no diff erence in survival with docetaxel 
among patients with a PD-L1 tumour proportion score of 
50% or greater or in the total population. Consistent with 
KEYNOTE-001,9 pembrolizumab effi  cacy was greater in 
patients with a tumour proportion score of 50% or 
greater than in the overall population. Progression-free 
survival with pembrolizumab was superior to that of 
docetaxel in patients with a tumour proportion score of 
50% or greater, but not in the total population. However, 
overall survival with pembrolizumab was superior to that 
of docetaxel in both tumour proportion score strata, 
suggesting that progression-free survival might not 
appropriately capture the true benefi t of pembrolizumab. 
The lack of a benefi t for progression-free survival despite 
a signifi cant overall survival benefi t was also reported in 
the CheckMate 057 study of nivolumab versus docetaxel 
for non-squamous non-small-cell lung cancer.8

Few patients assigned to pembrolizumab withdrew 
consent, whereas the incidence in the docetaxel group 
was higher than what is typical in a phase 3 trial. Many of 
the patients allocated to docetaxel who withdrew consent 
probably did so to seek anti-PD-1 treatment. A similarly 
high percentage of patients in the CheckMate 057 trial 
who were assigned to docetaxel did not receive it (22 [8%] 
of 290).8 This fi nding is not surprising given the many 
other studies of PD-1 inhibitors for non-small-cell lung 
cancer that were ongoing during KEYNOTE-010. Patients 
who withdrew and subsequently received another 
immunotherapy could aff ect overall survival. However, 
any bias of this unplanned crossover would likely favour 
the docetaxel group. Therefore, the high dropout rate in 
the docetaxel group does not diminish our confi dence in 
the signifi cant survival benefi t for pembrolizumab. 
Another limitation of this study is the incidence of EGFR 
mutation or ALK translocation, which was lower than 
would be expected in the general non-small-cell lung 
cancer population. Finally, because we excluded patients 
with no PD-L1 tumour expression, we could not do 
statistically meaningful analyses of the interaction 
between PD-L1 expression and outcome by treatment 
allocation.

Our results contribute to the growing evidence that 
supports PD-1 pathway inhibition in non-small-cell lung 
cancer.7,8,10,11,24 Although reports of treatment with 
pembrolizumab and nivolumab have shown a survival 
benefi t for PD-1 inhibition, several aspects of 
KEYNOTE-010 diff erentiate it from the CheckMate 017 
and CheckMate 057 studies of nivolumab.7,8 Whereas 
there were separate nivolumab studies for squamous7 
and non-squamous8 histology, KEYNOTE-010 enrolled 
patients regardless of histology. Our data suggest that, 
like nivolumab, pembrolizumab provides benefi t for 
squamous and non-squamous non-small-cell lung 
cancer (although the diff erence for squamous cell 
disease was not statistically signifi cant, probably partly  

because of the small population size). In addition, 
whereas both CheckMate studies limited enrolment to 
patients who received only one line of previous 
treatment for metastatic disease, almost one-third of 
patients in KEYNOTE-010 received at least two lines of 
previous treatment.

Our data are the fi rst reported for lung cancer 
prospectively showing the utility of PD-L1 as a biomarker; 
all patients derived a survival benefi t from pembro-
lizumab. This fi nding contrasts with the fi ndings of 
studies of unselected populations. The assay used in 
KEYNOTE-010 was rigorously evaluated and validated 
before the study began9 and has been approved by the 
Food and Drug Administration as a companion 
diagnostic test. Our data indicate that assessment of 
PD-L1 in archival samples with this assay is appropriate 
because pembrolizumab provided superior overall 
survival regardless of the age of the sample. Among 
patients with evaluable samples screened for enrolment 
in our study, two-thirds had a PD-L1 tumour proportion 
score of 1% or greater, and more than a quarter had a 
score of 50% or greater. The higher proportion of patients 
with a score of 50% or greater in the enrolled population 
(43%) was a result of the exclusion of patients with 
PD-L1-negative tumours. Whether the benefi t of 
pembrolizumab extends to patients with a tumour 
proportion score of less than 1% will require additional 
study. Ongoing studies are assessing pembrolizumab as 

Figure 5: Subgroup analysis of progression-free survival
Shows the comparison of the pooled pembrolizumab doses versus docetaxel. ECOG=Eastern Cooperative Oncology 
Group.
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greater than in the overall population. Progression-free 
survival with pembrolizumab was superior to that of 
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50% or greater, but not in the total population. However, 
overall survival with pembrolizumab was superior to that 
of docetaxel in both tumour proportion score strata, 
suggesting that progression-free survival might not 
appropriately capture the true benefi t of pembrolizumab. 
The lack of a benefi t for progression-free survival despite 
a signifi cant overall survival benefi t was also reported in 
the CheckMate 057 study of nivolumab versus docetaxel 
for non-squamous non-small-cell lung cancer.8

Few patients assigned to pembrolizumab withdrew 
consent, whereas the incidence in the docetaxel group 
was higher than what is typical in a phase 3 trial. Many of 
the patients allocated to docetaxel who withdrew consent 
probably did so to seek anti-PD-1 treatment. A similarly 
high percentage of patients in the CheckMate 057 trial 
who were assigned to docetaxel did not receive it (22 [8%] 
of 290).8 This fi nding is not surprising given the many 
other studies of PD-1 inhibitors for non-small-cell lung 
cancer that were ongoing during KEYNOTE-010. Patients 
who withdrew and subsequently received another 
immunotherapy could aff ect overall survival. However, 
any bias of this unplanned crossover would likely favour 
the docetaxel group. Therefore, the high dropout rate in 
the docetaxel group does not diminish our confi dence in 
the signifi cant survival benefi t for pembrolizumab. 
Another limitation of this study is the incidence of EGFR 
mutation or ALK translocation, which was lower than 
would be expected in the general non-small-cell lung 
cancer population. Finally, because we excluded patients 
with no PD-L1 tumour expression, we could not do 
statistically meaningful analyses of the interaction 
between PD-L1 expression and outcome by treatment 
allocation.

Our results contribute to the growing evidence that 
supports PD-1 pathway inhibition in non-small-cell lung 
cancer.7,8,10,11,24 Although reports of treatment with 
pembrolizumab and nivolumab have shown a survival 
benefi t for PD-1 inhibition, several aspects of 
KEYNOTE-010 diff erentiate it from the CheckMate 017 
and CheckMate 057 studies of nivolumab.7,8 Whereas 
there were separate nivolumab studies for squamous7 
and non-squamous8 histology, KEYNOTE-010 enrolled 
patients regardless of histology. Our data suggest that, 
like nivolumab, pembrolizumab provides benefi t for 
squamous and non-squamous non-small-cell lung 
cancer (although the diff erence for squamous cell 
disease was not statistically signifi cant, probably partly  

because of the small population size). In addition, 
whereas both CheckMate studies limited enrolment to 
patients who received only one line of previous 
treatment for metastatic disease, almost one-third of 
patients in KEYNOTE-010 received at least two lines of 
previous treatment.

Our data are the fi rst reported for lung cancer 
prospectively showing the utility of PD-L1 as a biomarker; 
all patients derived a survival benefi t from pembro-
lizumab. This fi nding contrasts with the fi ndings of 
studies of unselected populations. The assay used in 
KEYNOTE-010 was rigorously evaluated and validated 
before the study began9 and has been approved by the 
Food and Drug Administration as a companion 
diagnostic test. Our data indicate that assessment of 
PD-L1 in archival samples with this assay is appropriate 
because pembrolizumab provided superior overall 
survival regardless of the age of the sample. Among 
patients with evaluable samples screened for enrolment 
in our study, two-thirds had a PD-L1 tumour proportion 
score of 1% or greater, and more than a quarter had a 
score of 50% or greater. The higher proportion of patients 
with a score of 50% or greater in the enrolled population 
(43%) was a result of the exclusion of patients with 
PD-L1-negative tumours. Whether the benefi t of 
pembrolizumab extends to patients with a tumour 
proportion score of less than 1% will require additional 
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suggesting that progression-free survival might not 
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The lack of a benefi t for progression-free survival despite 
a signifi cant overall survival benefi t was also reported in 
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for non-squamous non-small-cell lung cancer.8
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with no PD-L1 tumour expression, we could not do 
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because of the small population size). In addition, 
whereas both CheckMate studies limited enrolment to 
patients who received only one line of previous 
treatment for metastatic disease, almost one-third of 
patients in KEYNOTE-010 received at least two lines of 
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prospectively showing the utility of PD-L1 as a biomarker; 
all patients derived a survival benefi t from pembro-
lizumab. This fi nding contrasts with the fi ndings of 
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before the study began9 and has been approved by the 
Food and Drug Administration as a companion 
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PD-L1 in archival samples with this assay is appropriate 
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survival regardless of the age of the sample. Among 
patients with evaluable samples screened for enrolment 
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tive response rates (Table S5 in the Supplemen-
tary Appendix) than docetaxel at the prespeci-
fied PD-L1 expression levels of 1% or higher, 5% 
or higher, and 10% or higher. Progression-free 
survival across all prespecified PD-L1 subgroups, 
on the basis of data from the database lock for 
the interim analysis, is provided in Figure S8A in 
the Supplementary Appendix. Overall survival 
according to PD-L1 expression level, on the basis 
of data from the July 2, 2015, database lock, is 
shown in Figure S8B in the Supplementary Ap-

pendix; the difference in overall survival be-
tween the two study groups among patients 
whose tumors expressed PD-L1 was still evident 
with additional follow-up. The median duration 
of response was longer with nivolumab than 
with docetaxel across all the PD-L1 expression 
levels (Table S5 in the Supplementary Appendix).

Safety
The frequencies of adverse events of any grade 
and any cause were similar in the two groups, 

Figure 2. Treatment Effect on Overall Survival, According to Subgroup.
Data are based on a March 18, 2015, database lock. Hazard ratios for death were not computed for subgroups that 
included a treatment group with fewer than 10 patients, including other line of therapy (1 patient in the nivolumab 
group), unreported Eastern Cooperative Oncology Group (ECOG) performance-status score (1 in the docetaxel group), 
and unknown smoking status (3 in the nivolumab group and 3 in the docetaxel group). ECOG performance-status 
scores range from 0 to 5, with higher numbers indicating greater disability; a score of 0 indicates no symptoms, and 
1 mild symptoms. The subgroup of patients with an ECOG performance-status score of 1 included 1 patient in the 
docetaxel group who had a score of 1 at screening, which met the eligibility criteria, but his score worsened after 
randomization owing to grade 3 pericardial effusion. On day 1 of treatment, his ECOG performance-status score 
was 3. This patient was included in our analyses, since he had undergone randomization and was part of the intention-
to-treat population. EGFR denotes epidermal growth factor receptor, and KRAS Kirsten rat sarcoma viral oncogene 
homologue.
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or higher, and 10% or higher. Progression-free 
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on the basis of data from the database lock for 
the interim analysis, is provided in Figure S8A in 
the Supplementary Appendix. Overall survival 
according to PD-L1 expression level, on the basis 
of data from the July 2, 2015, database lock, is 
shown in Figure S8B in the Supplementary Ap-

pendix; the difference in overall survival be-
tween the two study groups among patients 
whose tumors expressed PD-L1 was still evident 
with additional follow-up. The median duration 
of response was longer with nivolumab than 
with docetaxel across all the PD-L1 expression 
levels (Table S5 in the Supplementary Appendix).
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tive response rates (Table S5 in the Supplemen-
tary Appendix) than docetaxel at the prespeci-
fied PD-L1 expression levels of 1% or higher, 5% 
or higher, and 10% or higher. Progression-free 
survival across all prespecified PD-L1 subgroups, 
on the basis of data from the database lock for 
the interim analysis, is provided in Figure S8A in 
the Supplementary Appendix. Overall survival 
according to PD-L1 expression level, on the basis 
of data from the July 2, 2015, database lock, is 
shown in Figure S8B in the Supplementary Ap-

pendix; the difference in overall survival be-
tween the two study groups among patients 
whose tumors expressed PD-L1 was still evident 
with additional follow-up. The median duration 
of response was longer with nivolumab than 
with docetaxel across all the PD-L1 expression 
levels (Table S5 in the Supplementary Appendix).

Safety
The frequencies of adverse events of any grade 
and any cause were similar in the two groups, 

Figure 2. Treatment Effect on Overall Survival, According to Subgroup.
Data are based on a March 18, 2015, database lock. Hazard ratios for death were not computed for subgroups that 
included a treatment group with fewer than 10 patients, including other line of therapy (1 patient in the nivolumab 
group), unreported Eastern Cooperative Oncology Group (ECOG) performance-status score (1 in the docetaxel group), 
and unknown smoking status (3 in the nivolumab group and 3 in the docetaxel group). ECOG performance-status 
scores range from 0 to 5, with higher numbers indicating greater disability; a score of 0 indicates no symptoms, and 
1 mild symptoms. The subgroup of patients with an ECOG performance-status score of 1 included 1 patient in the 
docetaxel group who had a score of 1 at screening, which met the eligibility criteria, but his score worsened after 
randomization owing to grade 3 pericardial effusion. On day 1 of treatment, his ECOG performance-status score 
was 3. This patient was included in our analyses, since he had undergone randomization and was part of the intention-
to-treat population. EGFR denotes epidermal growth factor receptor, and KRAS Kirsten rat sarcoma viral oncogene 
homologue.
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the diversity of the mutational landscape impacts on 
response to PD-1 blockade in lung cancer

should we simply exclude EGFR-mutant 
never-smokers from therapy with 
immune checkpoint blockade?

Looking beyond PD-L1 for response 
prediction tumor mutational burden



© K. Vermaelen 2016K. Vermaelen ERS-LSC 2014

Looking beyond PD-L1 for response 
prediction complex immune signatures
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Overall survival was also improved in atezolizumab-
treated patients with high PD-L1 gene expression, as well 
as in patients with high expression of other PD-L1–PD-1 
pathway genes in tumour tissue (PD-L1 receptors PD-1 
and B7.1, and the alternative ligand, PD-L2; fi gure 4A). 
Further more, atezolizumab improved overall survival in 
patients with tumours characterised by high expression 
of T-eff ector-associated and interferon-γ-associated genes 
(HR 0·43; 95% CI 0·24–0·77; fi gure 4B). The T-eff ector-
associated and interferon-γ-associated gene signature 
was also associated with PD-L1 expression on tumour-
infi ltrating immune cells, suggesting that PD-L1 
expression on tumour-infi ltrating immune cells indicates 
pre-existing immunity within the tumour tissue 
(appendix). We did not see an association of the T-eff ector-
associated and interferon-γ-associated gene signature 
with PD-L1 expression on tumour cells.

As with overall survival, progression-free survival and 
objective response rate tended to show increased 
atezolizumab benefi t with increasing PD-L1 expression 
(appendix). The greatest improvement was in the TC3 or 
IC3 subgroup, with progression-free survival of 
7·8 months with atezolizumab versus 3·9 months with 
docetaxel (HR 0·60, 95% CI 0·31–1·16) and nine (38%) of 
24 patients achieving an objective response with 
atezolizumab versus three (13%) of 23 with docetaxel. 
However, analysis of non-overlapping subgroups 
suggested that, unlike overall survival, improved 
progression-free survival and objective response rate with 
atezolizumab were limited to only those patients with the 
highest level of PD-L1 expression: the TC3 or IC3 
subgroup (appendix). Objective response, as measured by 
immune-modifi ed RECIST criteria, was achieved in 
24 (17%; 95% CI 11·0–23·8) patients in the atezolizumab 
intention-to-treat population, similar to the objective 
response in 21 (15%; 9·3–21·4) patients, as measured by 
RECIST v1.1 criteria.

In patients with squamous disease, overall survival was 
10·1 months in 49 patients in the atezolizumab group 
and 8·6 months in 48 patients in the docetaxel group 
(HR 0·80; 0·49–1·30) in favour of atezolizumab. In the 
non-squamous group, overall survival was 15·5 months 
in 95 patients in the atezolizumab group and 10·9 months  
in 95 patients in the docetaxel group (HR 0·69; 95% CI 
0·47–1·01). Patients showed overall survival benefi t with 
atezolizumab compared with docetaxel irrespective of 
tobacco use history (HR 0·75 [0·54–1·04] for patients 
with current or previous tobacco use vs 0·55 [0·24–1·25] 
for patients with no tobacco use history).

Therapies received after discontinuing study treatment 
are summarised in the appendix. No patients in the 
atezolizumab group received subsequent PD-1 or PD-L1 
inhibitors but seven patients in the docetaxel group 
received subsequent PD-1 or PD-L1 inhibitors.

Despite longer median treatment duration 
(atezolizumab 3·7 months [range 0–19] vs docetaxel 
2·1 months [range 0–17]), 57 (40%) patients in the 

atezolizumab group experienced grade 3–4 adverse 
events versus 71 (53%) in the docetaxel group (table 2). 
This diff erence was more evident in grade 3–4 adverse 
events assessed as related to treatment by the investigator 
(16 [11%] vs 52 [39%]). The most common atezolizumab-
related grade 3 adverse events were pneumonia (three 
[2%] patients) and increased aspartate aminotransferase 
(three [2%] patients). No atezolizumab-related grade 4 
adverse events were reported. The most common adverse 
events from any cause diff ering by 5% or more between 
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response to atezolizmab (aPD-L1) in 
T-eff/IFN! gene signature subgroups

implementable in 
a routine setting? 

POPLAR phase 2 RCT; Fehrenbacher et al, The Lancet 2016
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Boosting responses to PD1/PDL1 
targeted therapy in lung cancer
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Immune “hot” vs “cold” cancers
hardwired status or malleable?
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rationale for combining different 
immune checkpoint blockers

biopsy pre-ipilimumab biopsy post-ipilimumab

Huang !"#$%, Clin Cancer Res June 2011
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PFS with nivo or nivo + ipi vs ipi alone in previously untreated 
advanced melanoma
Larkin et al, NEJM 2015
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gr 3-4 AEs

rationale for combining different 
immune checkpoint blockers
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CHECKMATE 012: Phase 1 nivolumab + ipilimumab 
1st line NSCLC | efficacy

combining PD-1 and CTLA-4 blockade 
as 1st line therapy in metastatic NSCLC

Nivo 3 Q2W
+ Ipi 1 Q12W

(n = 38)

Nivo 3 Q2W
+ Ipi 1 Q6W

(n = 39)
Nivo 3 Q2W

(n = 52)

Confirmed ORR, % (95% CI) 47
(31, 64)

39
(23, 55)

23
(13, 37)

Median duration of response, mo 
(95% CI) NR (11.3, NR) NR (8.4, NR) NR (5.7, NR)

Median length of follow-up, mo 
(range) 12.9 (0.9–18.0) 11.8 (1.1–18.2) 14.3 (0.2–30.1)

Best overall response, %
Complete response    
Partial response
Stable disease
Progressive disease
Unable to determine

0
47
32
13
8

0
39
18
28
15

8
15
27
38
12

Median PFS, mo (95% CI) 8.1 (5.6, 13.6) 3.9 (2.6, 13.2) 3.6 (2.3, 6.6)
1-year OS rate, % (95% CI) NC 69 (52, 81) 73 (59, 83)

M. Hellman et al, ASCO 2016
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CHECKMATE 012: Phase 1 nivolumab + ipilimumab 
1st line NSCLC | efficacy
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combining PD-1 and CTLA-4 blockade 
as 1st line therapy in metastatic NSCLC
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CheckMate 032: Nivolumab Alone or in Combination With
Ipilimumab for the Treatment of Recurrent Small Cell Lung Cancer
Scott J. Antonia,1 José A. López-Martin,2 Johanna Bendell,3 Patrick A. Ott,4 , Matthew Taylor,5 Joseph Paul Eder,6 Dirk Jäger,7 Margaret K. Callahan,8
Dung T. Le,9 Filippo de Braud,10 Michael A. Morse, 11 Paolo A. Ascierto,12 Leora Horn,13 Asim Amin,14 Rathi N. Pillai,15 Jeffry Evans,16 Chris Harbison,17

Chen-Sheng Lin,17 Marina Tschaika,17 Emiliano Calvo18

combining PD-1 and CTLA-4 blockade 
in relapsed small-cell lung cancer

S. Antonia et al, ASCO 2016
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Remarkable responses in relapsed SCLC, despite
low TIL infiltration and mostly PD-L1 negative status
on pre-treatment biopsies

combining PD-1 and CTLA-4 blockade 
in relapsed small-cell lung cancer

Schalper et al, ASCO 2016 abstract #8566
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can combination immune checkpoint blockade 
overcome TMB-low cancers?

combining PD-1 and CTLA-4 blockade 
as 1st line therapy in metastatic NSCLC

M. Hellman et al, ASCO 2016

nivo+ipi

nivo
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synergizing immunotherapy 
and angiogenesis inhibition

Karim Vermaelen 2016
6-month TTP was 63% (95% CI, 47%–75%). The lower bounds
of both confidence intervals exceed those of Korn and
colleagues (15).

Discussion
The influences on immunologic effects witnessed with the

addition of bevacizumab to ipilimumab reveal novel mechan-
isms of action for bevacizumab in patients. First, morphologic
and biochemical alterations in the tumor vasculature resulted
in endothelial activation associated with qualitative increases
in lymphocyte and myeloid/monocyte cell trafficking into
tumor deposits. The monocytes had extensive dendritic pro-
cesses. These patterns of immune infiltrates for some patients
were associated with transient increases in lesion size with
decreased density before gradual decrease in size with subse-
quent imaging. Detailed characterization of these infiltrates
and cellular functions are areas for future investigation. Vessel
changes were similar to those observed in high endothelial
venules (HEV) found in secondary lymphoid organs and asso-
ciated with lymphocyte extravasation (16). Such endothelial

appearances correlated with the ability of lymphocytes to
migrate into tissues. E-selectin expression induced by bevaci-
zumab facilitates lymphocyte adhesion and rolling (17). In
addition, CD31 influences adhesive and signaling functions for
vascular cellular extravasation (18, 19). Specifically, the con-
centration of CD31 staining at the interendothelial junctions of
bevacizumab plus ipilimumab–treated specimens indicates
vessels adapted for efficient lymphocyte trafficking (20). These
results are consistent with previous observations of anti-VEGF
treatment increasing lymphocyte tumor infiltrates in adoptive
therapy models (21, 22).

Further evidence for immunologic changes by the com-
bination was demonstrated in the peripheral blood through
increasing circulating memory T cells resulting from the
addition of bevacizumab. This provides a definitive role for
bevacizumab in effecting broad changes in the circulating
immune composition. Furthermore, the coordinated T- and
B-cell responses witnessed previously with checkpoint
blockade (23, 24) are confirmed by the increased antibody
recognition of the galectin family members. This finding
suggests that the concerted effects of combination therapy

Figure 3. Histologic changes in tumor deposits resulting from treatment with bevacizumab plus ipilimumab. A, phenotypic characterization of immune-
cell infiltrates in biopsies from responders before and after initiation of therapy. Tumors after initiation (ON) of ipilimumab–bevacizumab therapy
were characterized as compared with pretreatment samples (PRE). Significant infiltration by CD3þCD8þ T cells and CD163þ macrophages
with minimal change in Foxp3þ component was observed. The enlarged panels (center) emphasize the tumor-infiltrating architecture of the immune
response (top left, skeletal muscle). In contrast, patients treated only with ipilimumab showed a lesser degree of immune-cell infiltration
while on therapy. The two ipilimumab–bevacizumab specimens are subcutaneous tissues, and the ipilimumab-alone specimen was from the
oropharyngeal submucosa.

Bevacizumab plus Ipilimumab
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bevacizumab plus ipilimumab–treated specimens indicates
vessels adapted for efficient lymphocyte trafficking (20). These
results are consistent with previous observations of anti-VEGF
treatment increasing lymphocyte tumor infiltrates in adoptive
therapy models (21, 22).
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bination was demonstrated in the peripheral blood through
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addition of bevacizumab. This provides a definitive role for
bevacizumab in effecting broad changes in the circulating
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B-cell responses witnessed previously with checkpoint
blockade (23, 24) are confirmed by the increased antibody
recognition of the galectin family members. This finding
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Bevacizumab plus Ipilimumab in Patients with Metastatic Melanoma.
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Vétizou et al., Science, November 2015

the gut microbiome impacts on the 
efficacy of cancer immunotherapy

Karim Vermaelen 2016

Sivan !" $%& Science, November 2015

SCIENCE sciencemag.org 27 NOVEMBER 2015 • VOL 350 ISSUE 6264 1087

Fig. 3. Direct administration of
Bifidobacterium to TAC recipi-
ents with established tumors
improves tumor-specific immu-
nity and response to aPD-L1
mAb therapy. (A) Principal
coordinate analysis plot of bacte-
rial b-diversity over time in groups
treated as in Fig. 2A, each group is
made up of at least two cages,
three or four mice per cage; data
represent three independent
experiments; **P < 0.01, ***P <
0.001 (ANOSIM). (B) Phylogenetic analysis of taxa that are of significantly
different abundance in newly arrived JAX versus TAC mice FDR < 0.05 (non-
parametric t test); bars represent log-transformed fold changes, inner circle,
log10(10); middle circle, log10(100); outer circle, log10(1000). (C) Heat map
showing relative abundance over time of significantly altered genus-level taxa
in JAX-fed TAC mice FDR < 0.05 (nonparametric t test); columns depict in-
dividual mice; each time point shows mice from two separate cages, three or
four mice per cage. (D) Correlation plot of relative abundance of Bifidobacterium
OTU_681370 in fecal material obtained from groups, as in (A), 14 days after
arrival and frequency of SIY+ CD8+ T cells in tumor; P = 1.4 × 10−5, FDR =

0.0002, correlation R2 = 0.86 (univariate regression). (E) B16.SIY tumor
growth kinetics in TAC mice, untreated or treated with Bifidobacterium 7 and
14 days after tumor implantation, aPD-L1 mAb 7, 10, 13, and 16 days after
tumor implantation, or both regimens. (F) IFN-g ELISPOT assessed 5 days
after start of treatment. (G) Percentage of tumor-infiltrating SIY+ CD8+ Tcells,
determined by flow cytometry 14 days after start of treatment. Means T SEM
analyzed by two-way ANOVA with Tukey’s correction (E) or individual mice with
means T SEM analyzed by one-way ANOVA with Holm-Sidak correction (F) and
(G), and are combined from two independent experiments; five mice per group
per experiment: *P < 0.05, ***P < 0.001, ****P < 0.0001.
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Immunotherapy in thoracic tumors 
changing the rules of the game?

• immune checkpoint inhibition delivers 
unprecedented resuls in a subset of lung 
cancer patients

• improving responses can be achieved by:
• better selection/biomarker strategies
• combination therapies

• financial impact on healthcare is a big 
issue for this prevalent disease
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thanks for your attention!
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inactivating mutations in 
DNA-repair enzymes!

Looking beyond PD-L1 for response 
prediction tumor mutational burden
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CHECKMATE-017 CHECKMATE-057 KEYNOTE-010

PD-L1 
<1%

PD-L1 
>10%

PD-L1 
<1%

PD-L1 
>10%

PD-L1 
>1% !

PD-L1 
>50%

ORR (%) 17%
vs 10%

19%
vs 9%

9%
vs 15%

37%
vs 13%

18%
vs 9%

30.2%
vs 8%

time to first 
response 8 to 10 weeks (1st CT evaluation; same for docetaxel)

median duration 
of response 
(months)

NR
vs 8.4

18.3
vs 5.6

16.0
vs 5.6

NR
vs 6.0

NR
vs 8.0

squamous non-squamous both histologies

2015: a paradigm shift in the treatment 
of metastatic (wildtype) NSCLC
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CHECKMATE-017 CHECKMATE-057 KEYNOTE-010

PD-L1 
<1%

PD-L1 
>10%

PD-L1 
<1%

PD-L1 
>10%

PD-L1 
>1% !

PD-L1 
>50%

mOS (months) 8.7
vs 5.9

11
vs 7.1

10.5
vs 10.1

19.9
vs 8.0

10.4
vs 8.5

14.9
vs 8.2

1-year OS 43%
vs 23%

48%
vs 26%

46%
vs 39%

68%
vs 30%

43.2%
vs 35%

53%
vs 38%

OS “tail”
at 21 months

32%
vs 10%

32%
vs 12%

30% (!)
vs 24%
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vs 13%

35%
vs 19%

42%
vs 22%
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<1%
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>10%
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>1% !

PD-L1 
>50%

toxicity grade 3 or 
higher

7%
vs 55%

10%
vs 54%

13%
vs 35%

financial toxicity
UK-NICE: ICER 
£110000 - £130000/ 
QALY:
“not cost-effective”

? ?
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